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APPARATUS FOR CONTINUOUS MONITORING OF THE FETAL HEART RATE.*
By Edward H. Hon, Department of Obstetrics and Gynecology, Yale
University School of Medicine.
During the past four years continuous monitoring of fetal heart rate during
labor and delivery has permitted the accumulation of accurate, permanent
records which may be of value for the assessment of fetal heart rate as an
index of fetal environment.
The QRS complex of the fetal ECG has been used as a trigger source for
a cardiotachometer and oscillograph system.`3 The major difficulty has
been the elimination of the maternal ECG from the combined maternal and
fetal ECG tracing. Various separation methods have been used with some
success; the most promising is the attachment of a small electrode to the
fetal scalp or buttocks. This method has been used for over a year and
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FIG. 1. Vaginal electrode.
has provided continuous, accurate records throughout labor and delivery.
The original research electrodes had minor mechanical and electrical dis-
advantages and occasionally were difficult to apply.'
With the co-operation of an electronic instrument manufacturer, an
electronically efficient and mechanically stable vaginal electrode has been
developed (Fig. 1). The central stainless steel wire fingers penetrate super-
ficially the fetal epidermis and the other electrode of the bipolar system
makes electrical contact with the adjacent areas of the fetus via the vaginal
and cervical secretions. To minimize electrical "noise" the entire electrode
assembly is shielded and the patient's leg is grounded.
Figure 2A is an example of the type of fetal ECG tracing obtained with
the vaginal electrode attached to the scalp of a fetus during active labor.
Fetal P and T waves and QRS complexes (average 50-100 microvolts) are
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seen clearly. The maternal ECG is of low amplitude and does not interfere
in any way with automatic counting of the fetal heart rate.
A combined fetal and maternal ECG tracing recorded from the abdominal
wall of a pregnant patient is shown in Figure 2B as a basis of comparison of
this type of recording with that obtained with the vaginal electrode. Withthe
abdominal electrode the maternal ECG is of greater amplitude than the fetal
ECG (10-25 microvolts), thus necessitating some type of signal conditioning
to remove the maternal ECG before the fetal heart rate can be counted
FIG. 2A. Fetal ECG tracing recorded from an electrode attached to the fetal scalp.
Note fetal P and T waves and sporadic low amplitude maternal ECG.
FIG. 2B. Tracing of maternal and fetal ECG's as recorded from electrodes attached
to the abdominal wall of a patient. Maternal ECG is of greater amplitude than the
fetal ECG.
automatically. The fetal P and T waves are of low amplitude and are
unrecognizable in the baseline electrical "noise."
The vaginal electrode permits continuous monitoring of fetal heart rate
with relatively simple apparatus. In addition, the presence of recognizable
fetal P and T waves are of value in studying fetal ECG configuration
changes and cardiac arrhythmias.
The electrode is coupled to a high gain differential amplifier which has
in-built filters. The filtered output is counted by a cardiotachometer which
provides a numerical display and an output voltage which is plotted by an
oscillograph. Provision is also made for continuous recording and oscillo-
scope monitoring of the fetal ECG.
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The commercial* versions of the electrode and fetal heart rate monitoring
system are more efficient and reliable than the research apparatus con-
structed in our laboratories. The electrodes are inexpensive and disposable.
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